Optineurin is a cytosolic protein encoded by the OPTN gene. Mutations of OPTN are associated with normal tension glaucoma and amyotrophic lateral sclerosis. Autophagy is an intracellular degradation system that delivers cytoplasmic components to the lysosomes. It plays a wide variety of physiological and pathophysiological roles. The optineurin protein is a selective autophagy receptor (or adaptor), containing an ubiquitin binding domain with the ability to bind polyubiquitinated cargoes and bring them to autophagosomes via its microtubule-associated protein 1 light chain 3-interacting domain. It is involved in xenophagy, mitophagy, aggrephagy, and tumor suppression. Optineurin can also mediate the removal of protein aggregates through an ubiquitin-independent mechanism. This protein in addition can induce autophagy upon overexpression or mutation. When overexpressed or mutated, the optineurin protein also serves as a substrate for autophagic degradation. In the present review, the multiple connections of optineurin to autophagy are highlighted.
Introduction
Optineurin is a gene linked to normal tension glaucoma (NTG) and amyotrophic lateral sclerosis (ALS) (Kachaner et al., 2012b; Osawa et al., 2011; Ying and Yue, 2012) . It is also associated with Paget's disease of the bone (Albagha et al., 2010) . This gene encodes a cytosolic protein that interacts with a number of proteins and participates in basic cellular functions such as vesicle trafficking, maintenance of the Golgi apparatus, NF-κB pathway, anti-bacterial and antiviral signaling, cell division control, and autophagy. Mutation or level alteration of optineurin results in adverse consequences in the cells leading to diseases Park et al., 2010; Turturro et al., 2014) . The molecular mechanisms, however, are largely not understood.
The ubiquitin-proteasome system (UPS) and autophagy are two main systems by which the cell degrades cytoplasmic constituents. The UPS targets short-lived or abnormally folded proteins, while the autophagy targets long-lived macromolecular complexes and organelles (Glickman and Ciechanover, 2002; Kirkin et al., 2009 ).
Degradation of a protein via the UPS involves two successive steps: tagging of the substrate protein by covalent attachment of single or multiple ubiquitin molecules and the subsequent degradation of the tagged protein by the 26S proteasome. At the tagging or conjugation stage, ubiquitin is covalently attached to the protein substrate through a series of ATPdependent enzymatic reactions by E1 (ubiquitin activating), E2 (ubiquitin conjugating) and E3 (ubiquitin ligating) enzymes (Glickman and Ciechanover, 2002; Pickart, 2004) . This process renders the ubiquitinated protein to be recognized by the proteasome and be degraded to small peptides (Zheng et al., 2014) .
Autophagy (cellular self-eating or self-digestion) is a basic catabolic mechanism that involves bulk cell degradation of cellular components (Klionsky, 2005) . There are three forms of autophagy: macroautophagy, microautophagy (Mijaljica et al. 2011) , and chaperone-mediated autophagy (Kaushik and Cuervo, 2012) . Among them, macroautophagy (herein referred to as autophagy) is the major pathway to eradicate damaged cell organelles or unused proteins. It is initiated with the sequestration of cytoplasmic components such as the entire organelles, lipid vesicles, or protein aggregates within double-membrane vesicles (so-called autophagosomes). These vesicles are then fused with lysosomes to generate autolysosomes, in which the autophagic cargo is degraded by acidic hydrolases (Galluzzi et al., 2014; Klionsky, 2005) . Autophagy can be relatively nonselective, virtually any portion of the cytoplasm can be targeted to lysosomal degradation, triggered by nutrient deprivation. It can also be highly selective, triggered by damaged organelle or intracellular pathogens (Mizushima and Komatsu, 2011) . Defects in the autophagic machinery have been associated with diseases, including aging, cancer, neurodegenerative diseases, cardiovascular disorders, and infectious/inflammatory conditions. The UPS and autophagy were regarded originally as independent and separate pathways, but were found more recently to be closely connected (Wojcik, 2013) . The crosstalk between ubiquitination and autophagy is guided by autophagy receptors or adaptors such as multidomain scaffold/adaptor protein p62/sequestosome-1 (p62/SQSTM-1) and nuclear domain 10 protein 52 (NDP52). These receptors/adaptors can bind both ubiquitin and autophagyrelated gene 8 family members microtubule-associated protein 1A/1B-light chain 3/γ-aminobutyric acid receptor-associated protein (LC3/GABARAP) (Wilde et al., 2011) and act as a bridge recognizing selective ubiquitinated proteins or cargoes and bringing them into autophagosomes (Komatsu et al., 2007) .
Similar to p62, optineurin has also been shown to be an autophagy receptor or adaptor. In addition, optineurin, upon upregulation or mutation, can induces autophagy and become a substrate for autophagic clearance. Accumulating evidence indicates that optineurin partakes in various cellular functions through autophagy. Herein, we briefly illustrate the multiple connections of optineurin with autophagy.
Optineurin gene and protein

Gene structure, and mutations in diseases
The human optineurin gene (OPTN) is located at chromosome 10p13 and spans about a 37 kb genomic region. Its mRNA contains a total of 16 exons. The first 3 exons (exons 1-3) are noncoding sequence and the remaining13 exons (exons 4-16) code for a 577-amino acid (aa) protein (Rezaie et al., 2005; Ying and Yue, 2012) .
The OPTN gene was found by Rezaie et al. in 2002 to be a disease-causing gene in NTG, a subtype of primary open angle glaucoma (POAG). Four mutations in OPTN, Glu 50 →Lys (E50K), Met 98 →Lys (M98K), Arg 545 →Gln (R545Q), and 691_692insAG (2-bp "AG" insertion), were detected from 54 families with adult-onset POAG in which most displayed normal intraocular pressure (Rezaie et al., 2002) . Among the mutations, E50K is seen associated with a more progressive and severe disease (Aung et al., 2005; Hauser et al., 2006) . Other OPTN alterations observed include Lys 322 →Glu (E322K), His 26 →Asp (H26D), Glu 103 →Asp (E103D), Val 148 →Val (V148V), intron IVS7+24G→A, and His 486 →Arg (H486R) (Leung et al., 2003; Willoughby et al., 2004) .
OPTN mutations were also reported in patients with ALS. Maruyama et al. (2010) identified a homozygous deletion of exon 5, a homozygous nonsense Gln 398 →stop (Q398X) and a heterozygous missense Glu 478 →Gly (E478G) mutations in Japanese ALS patients. Besides exon 5 deletion, exon 1-5 and 3-5 heterozygous OPTN deletions were also detected, indicating that the exon might be a hotspot for OPTN deletion in ALS and that OPTN deletions are ALS-specific events (Iida et al., 2012) . Other OPTN alterations reported in ALS include 382_383insAG (691_692insAG or 2-bp "AG" insertion), Arg 96 →Leu (R96L), Gln 165 →stop (Q165X), Gln 454 →Glu (Q454E), and a heterozygous truncating mutation p.Lys 440 →Asnfs*8 (c.1320delA) that causes a frameshift and a premature stop codon ( (Weishaupt et al., 2013) . The 382_383insAG or 691_692insAG mutation has been previously described in familial POAG (Rezaie et al., 2002) . Additionally, 3 POAG alterations (M98K, E322K, and R545Q) were also noted in ALS (Weishaupt et al., 2013) .
Protein structure and function
The optineurin protein is expressed in many tissues including the heart, brain, skeletal muscle, liver, and the eye (Li et al., 1998; Rezaie et al., 2005) . The protein contains a NF-κB-essential molecule (NEMO)-like domain, leucine zipper and coiled-coil motifs, an ubiquitin-binding domain (UBD), a LC3-interacting region (LIR), and a carboxyl (C)-terminal C2H2 type of zinc finger (Ying and Yue, 2012) . The endogenous or ectopically expressed optineurin has been shown to interact with itself to localize in foci and form high molecular weight protein complexes (homo-oligomers) in cells . It also binds with Ras-related protein 8, huntingtin, myosin VI, transferrin receptor, metabotropic glutamate receptor, transcription factor IIIA, serine/threonine kinase receptor-interacting protein 1, CYLD that is a product of a familial cylindromatosis tumor-suppressor gene (Nagabhushana et al., 2011) , LC3/GABARAP (Ying and Yue, 2012) , polo-like kinase 1 (Kachaner et al., 2012a) , TANK (TRAF-associated NF-kB activator) binding kinase 1 (TBK1), and HECT domain and ankyrin repeat containing E3 ubiquitin protein ligase 1 (HACE1; Liu et al., 2014) . These interactions, shown in Figure 1 , depict basic optineurin functions or participation in cellular processes (Kachaner et al., 2012b; Ying and Yue, 2012) such as vesicle trafficking, maintenance of the Golgi apparatus, NF-κB pathway, antibacterial and antiviral signaling, cell division control (Kachaner et al., 2012a) , and autophagy (Chalasani et al., 2014; Liu et al., 2014; Shen et al., 2011; Wong and Holzbaur, 2014) . Optineurin has in addition been found to be phosphorylated, which is essential for its functions in mitosis (Kachaner et al., 2012a) and autophagic signaling pathway (Korac et al., 2013; Rogov et al., 2013; Sorbara and Girardin, 2014; Weidberg and Elazar, 2011; Wild et al., 2011; Wong and Holzbaur, 2014) .
The endogenous optineurin has been demonstrated to be a short-lived protein with a half-life of approximately 8 h (Shen et al., 2011) . In a normal homeostatic situation, the turnover of endogenous optineurin involves mainly UPS (Shen et al., 2011) .
Optineurin as an autophagy receptor/adapter
The optineurin protein contains an UBD domain ( 445-502 aa) near its C-terminus (Wagner et al., 2008) and can be ubiquitinated (Liu et al., 2014; Shen et al., 2011) . With its ability to bind with ubiquitinated cargos and bring them to the autophagosome-associated protein LC3 via its LIR domain, optineurin fulfils a role as an autophagy receptor or adaptor (Wild et al., 2011) . Notably, the optineurin connection with autophagy can also be ubiquitinindependent.
3.1. Ubiquitin-dependent roles 3.1.1. Xenophagy-Xenophagy is the process by which a cell directs autophagy against pathogens. Wild and associates were the first to characterize optineurin as a key component in cellular clearance of Salmonella through an ubiquitin-dependent autophagic pathway (Wild et al., 2011) . Cytosolic or vacuole-confined bacteria can be rapidly decorated by ubiquitination (Perrin et al., 2004) . Optineurin then links the ubiquitin groups in bacteria and the autophagy protein LC3 (Randow and Youle, 2014) . Autophagy adaptors p62 and NDP52 also work along with optineurin, but they all have non-redundant roles. It was further observed that by phosphorylating optineurin at Ser177, TBK1 can significantly enhance the binding affinity of optineurin to LC3 and the autophagic clearance of ubiquitin-coated Salmonella (Wild et al., 2011 ). Phosphorylation therefore adds another level of optineurinbased autophagy regulation.
Mitophagy-Mitophagy
is the selective degradation of defective mitochondria by autophagy. It occurs often to defective mitochondria following damage and stress. This process is regulated by phosphatase and tensin homolog-induced kinase 1 (PINK1) and parkin, a cytosolic E3 ubiquitin ligase. PINK1 is stabilized on the outer membrane of damaged mitochondria, recruiting parkin to the mitochondria (Kane et al., 2014) . Once localized at the mitochondria, parkin ubiquitinates the outer membrane proteins (Lazarou, 2015) , and in turn recruits optineurin which stably associates with ubiquitinated mitochondria via its UBD domain. Optineurin subsequently induces autophagosome formation to engulf damaged mitochondria via its LIR domain (Wong and Holzbaur, 2014) . Disruption of either of these steps leads to inefficient autophagic degradation of mitochondria and accumulation of damaged mitochondria within the cell. Depletion of the endogenous optineurin, for instance, inhibits LC3 recruitment to mitochondria and inhibits mitochondrial degradation. The defects can be rescued by expression of siRNA-resistant wild-type optineurin, but not by ALS-associated E478G optineurin with mutation in the UBD domain, or by optineurin with a mutation in the LIR domain. Another autophagy receptor, p62/SQSTM1, is also recruited, but the recruitment is independent of optineurin in separate domains on damaged mitochondria (Wong and Holzbaur, 2014) .
3.1.3. Aggrephagy-Accumulation of misfolded proteins and the associated loss of neurons are considered a hallmark of many neurodegenerative diseases (Aguzzi and O'Connor, 2010) . The selective degradation of protein aggregates by autophagy is called aggrephagy, which is a cellular protection mechanism. In a recent study , optineurin was shown to mediate the degradation of mutant huntingtin (mHtt)-containing inclusion bodies in an ubiquitin-dependent manner. Optineurin colocalized with inclusion bodies formed by mHtt in R6/2 transgenic mice as well as those formed by Htt mutants or the truncated form of TAR DNA-binding protein 43 in Neuro2A cells. This colocalization required the UBD domain of optineurin. Overexpression of wild-type optineurin decreased inclusion bodies through Lys63-linked polyubiquitin-mediated autophagy. In contrast, UBD mutants of optineurin, including E478G and D474N, and UBD deletion mutants (UBD including 411 to 520Δ and 210 to 520Δ) increased inclusion body accumulation while mutants outside of the UBD domain did not .
Tumor suppression-Optineurin interacts with tumor suppressor HECT domain
and ankyrin repeat containing HACE1, an E3 ubiquitin ligase (Liu et al., 2014) . It has been shown that HACE1 can ubiquitinate optineurin on Lys193, promoting its interaction with p62/SQSTM1 to form the autophagy receptor complex, activating thereby autophagy and autophagic flux. Coexpression of wild-type HACE1 and optineurin increased the formation of LC3 puncta, removal of oxidatively damaged proteins along with p62, as well as the conversion of LC3-I into lipidated LC3-II (a marker of autophagosome) in human lung cancer cells (Liu et al., 2014) . Induction of p62 has been associated with multiple types of human cancer, and the elimination of p62 by autophagy suppresses tumorigenesis (Komatsu and Ichimura, 2010; Mathew et al., 2009 ). The HACE1-optineurin axis thus promotes tumor suppression in an ubiquitin-dependent fashion (Liu et al., 2014) .
The role of selective autophagy receptors (such as p62 and optineurin) played in the ubiquitin-dependent autophagic clearance of pathogen, removal of misfolded protein or protein aggregate, and elimination of ubiquitinated mitochondria is illustrated in Figure 2. 
Ubiquitin-independent roles
Optineurin can regulate autophagic clearance of protein aggregates also through an ubiquitin-independent pathway (Korac et al., 2013) . Short fragment of huntingtin (Htt) protein carrying an extended polyglutamine mutation (Htt ex1 Q103) or superoxide dismutase 1 (SOD1) protein carrying point mutations at position Gly93 (SOD1 G93C or SOD1 G93A), commonly used as models of Huntington disease and ALS, was expressed in HeLa cells. Optineurin was observed to colocalize with both SOD1 G93C and Htt ex1 Q103 inclusions. The ubiquitin binding deficient E478G optineurin mutant was still able to colocalize with GFP-SOD1 G93C protein aggregates, suggesting that optineurin interacts with those aggregates in an ubiquitin-independent manner. Further mapping indicated that the C-terminal coiled-coil domain (454-520 aa) of optineurin recognizes Htt and SOD1 aggregates. Depletion of optineurin increased protein aggregation. Optineurin was in addition shown to actively participate in the degradation of both Htt ex1 Q103 and SOD1 G93C inclusions through the autophagy-lysosome system. This process, interestingly, is also regulated by Ser177 phosphorylation by TBK1 (Korac et al., 2013) .
Optineurin moreover mediates the autophagic clearance of extracellular β-amyloid (Aβ) by microglia, a primary immune cell in the brain. Aβ in microglia was revealed by immunoprecipitation to form complexes with LC3-II and optineurin, suggesting that Aβ is targeted to autophagy via LC3/optineurin interactions. The number of LC3-II dots was increased, indicating that autophagy was induced when BV2 microglial cells and primary mouse microglia were treated with Aβ fibrils (Cho et al., 2014) . In addition, knocking down LC3 and/or autophagy-related gene 7 homolog by siRNA reduced Aβ degradation, implying that the autophagic process is necessary for the degradation of Aβ fibril. Aβ was not degraded when optineurin was downregulated by siRNA, corroborating further the crucial role of optineurin in the Aβ degradation in microglia (Cho et al., 2014 ).
Optineurin as an autophagy inducer
Autophagy induction by wild-type and mutated optineurin in vitro
Optineurin not only functions as an autophagy receptor through its ability to interact with ubiquitin and LC3, but also acts as an autophagy inducer. The endogenous optineurin is ubiquitinated and processed through the UPS pathway (Shen et al., 2011) . Upon overexpression of wild-type or mutant E50K optineurin in RGC-5 cells, the level of proteasome regulatory β5 subunit (PSMB5, a marker of proteasome activity) was downregulated while that of LC3-II was elevated indicating that the UPS function was compromised and autophagy was induced (Shen et al., 2011) . RGC-5 cells transfected with pOPTN WT -GFP or pOPTN E50K -GFP formed fluorescent foci in the perinuclear region. Cells treated with autophagic inhibitor 3-methyladenine showed more foci while treatment with rapamycin reduced the foci formation in optineurin transfectants. Rapamycin is an inhibitor of a Ser/Thr protein kinase named "mammalian target of rapamycin" (mTOR). Inhibition of mTOR mimics cellular starvation that induces autophagy by blocking signals required for cell growth and proliferation. Rapamycin is thus also recognized as an autophagy inducer. The finding that rapamycin reduced optineurin foci formation in transfected RGC-5 cells suggested that the overexpressed or mutated optineurin was cleared, at least in part, via the autophagy pathway (Shen et al., 2011) . PSMB5 and LC3 alterations were similarly observed in inducible cell lines when wild-type and E50K optineurin-GFP levels were induced by 10-12 fold (Shen et al., 2011) .
Optineurin is also known to be upregulated by proinflammatory cytokines tumor necrosis factors α (Vittitow and Borras, 2002) and interferon γ (Sudhakar et al., 2013 cells were treated with these cytokines for 24 h, the optineurin level was increased by 2 fold. Foci formation was not apparent, but the PSMB5 level was found reduced by 40-60%, and the LC3-II level was elevated by 1.9-2.5 fold. This indicates that physiologically induced optineurin upregulation can also elicit UPS impairment and autophagy induction (Shen et al., 2011) .
Autophagy activation and autophagic flux were further investigated by p62 immunostaining and Western blotting in RGC-5 cells. It is shown that activation of autophagy and autophagic flux correlates with a decreased, and autophagic suppression correlates with an increased, p62 level. RGC-5 cells transfected overnight with pOPTN E50K -GFP or pEGFP-N1 control were untreated or treated with bafilomycin A1 (an autophagic inhibitor that inhibits the fusion between autophagosomes and lysosomes and prevents thereby maturation of autophagic vacuoles), rapamycin, or both for 24 h. Immunostaining demonstrated that the p62 level was lower in pOPTN E50K -GFP transfected cells than the surrounding nontransfected non-green ( Figure 3A ) as well as GFP control (not shown) cells, confirming an activated autophagy and enhanced autophagic flux by E50K transfection. Bafilomycin A1 treatment which blocks the fusion of autophagosomes with lysosomes dramatically increased the p62 staining in all cells. Autophagic inducer rapamycin reduced p62 staining ( Figure 3A ), but the staining was heightened back to the bafilomycin A1 level when cells were treated with both bafilomycin A1 and rapamycin ( Figure 3A ). Quantification by Western blotting verified that the LC3-II level was increased in pOPTN E50K -GFP transfected cells, consistent with an autophagy activation ( Figure 3B ). Concomitantly, the p62 level was reduced, indicating an augmented autophagic flux in pOPTN E50K -GFP cells ( Figure 3B ).
In a recent study by Chalasani and associates (2014), the LC3-II level was also demonstrated to be increased upon overexpression of E50K in RGC-5 cells. However, Western blotting showed an increase of p62 in adenovirus infected E50K-expressing cells. The disparity seen in the p62 data could be related to differences in E50K expression levels (high versus moderate) and/or experimental conditions.
It is in addition important to stress that RGC-5 cells from an immortalized rat cell line created originally by transforming postnatal day 1 rat retinal cells with E1A adenovirus (Agarwal, 2013; Van Bergen et al., 2009 ) have been re-characterized and shown to be in fact mouse SV-40 T antigen transformed photoreceptor 661W cells (Krishnamoorthy et al., 2013) . They cannot and are not considered to be retinal ganglion cells (RGCs) or RGC models. Further of note is that besides RGC-5 cells, the findings reported by Shen et al. (2011) and those described in Figure 3 have been reproduced in rat neuronal pheochromocytoma PC12 (Shen et al., 2011) and/or mouse brain neuroblastoma Neuro2A (data not shown) cell lines. Optineurin foci have also been observed in other cell types such as human trabecular meshwork cells (Park et al., 2006) .
Autophagy induction by wild-type and mutated optineurin in vivo
The level of PSMB5 and LC3 was examined on the retinal slides of E50K transgenic mice in which E50K optineurin was overexpressed under the CMV early enhancer/chicken β-actin promoter (Chi et al., 2010) . These mice developed phenotypes that mimic the clinical features of NTG patients, including neuropathy of the optic disc and degeneration of the RGCs without an increased intraocular pressure (Chi et al., 2010) , and are thought to be a NTG mouse model.
Tissue sections from 12-month-old E50K transgenic mice displayed a fainter staining of PMSB5 but a stronger staining of LC3 in RGCs compared with those from control littermate mice. Staining with anti-optineurin also yielded a higher intensity in the transgenic tissues as expected. The staining results were confirmed by Western blotting of retinal extracts. By electron microscopy, autophagosome-like structures were demonstrated in RGCs of eyes of E50K transgenic mice, indicating autophagic induction (Shen et al., 2011) .
To establish another animal model, recombinant adeno-associated type 2 viral (AAV2) vector that carries GFP, OPTN WT -GFP or OPTN E50K -GFP was used to introduce intravitreally optineurin (wild-type and E50K mutant) gene into RGCs of Norway Brown rats (Ying et al., 2015) . Moderate to strong GFP expression in RGCs was observed in rat eyes 5 weeks after a single injection of AAV2 viral vectors. In wild-type and E50K optineurin-vector injected eyes, the intraocular pressure was normal as expected from the clinical perspective. However, their retina was noted to be thinner; the RGC density was lower; the apoptosis level was higher; the axons were degenerated; and the axon counts were much reduced; indicating that upregulated and mutated optineurin induced toxic effects such as apoptosis and the toxic effects were more dramatically seen with the E50K mutation (Koga et al., 2010; Meng et al., 2012; Park et al., 2006; Turturro et al., 2014) . Furthermore, the level of PSMB5 was found declined and that of LC3 was induced, confirming that in vivo (Ying et al., 2015) , as in vitro (Shen et al., 2011) , the UPS was downregulated and autophagy was induced upon overexpression and/or mutation of optineurin.
Implication of autophagy in optineurin associated diseases
Autophagy contributes to basic cellular homeostasis such as the turnover of mitochondria (through mitophagy) and other organelles (for example endoplasmic reticulum and peroxisomes) (Johansen and Lamark, 2011; Wang and Klionsky, 2011) ; the clearance of protein aggregates accumulated during stress, aging, and disease owing to perturbations in protein structure or folding (Lamark and Johansen, 2012) ; and the regulation of lipid metabolism (lipophagy) (Singh et al., 2009) . With an autophagy connection, optineurin, when mutated or when its expression level is altered, may lead to glaucoma, ALS, and other neurodegenerative diseases, in which mitochondria dysfunction and protein aggregation are implicated; as well as cancer (Liu et al., 2014 ). Paget's disease of the bone, a chronic disorder characterized by increased bone turnover, is associated with p62 mutations and optineurin. Such an association suggests that Paget's disease may likewise be developed via an autophagy related mechanism. Of special significance to the ocular fields, optineurin may also play an autophagy receptor role in age-related macular degeneration, a disease resulting from accumulation of environmental stress induced protein misfolding and aggregation in the retinal pigment epithelium (Wang et al., 2014 ). 
Concluding remarks
Optineurin is a classical autophagy receptor characterized by its UBD and LIR motifs. It can also act as a non-classical receptor undergoing ubiquitin-independent autophagy. Similar to p62, optineurin has an inherent ability to polymerize and can also itself undergo autophagic degradation. These findings highlight the multiple roles of optineurin as a cargo carrier, regulator, and a substrate for autophagy. Mediated by its interaction with myosin VI, optineurin in addition links myosin VI to autophagosome maturation and subsequent fusion with the lysosome (Tumbarello et al., 2012) .
Optineurin has been reported to be a key player in xenophagy, mitophagy, aggrephagy, as well as tumor suppression. It is unclear whether optineurin is also involved in other autophagic process such as removal of ribosomes (ribophagy), peroxisomes (pexophagy), and surplus endoplasmic reticulum (reticulophagy). The spatial-temporal relationship between optineurin and other autophagic receptors and how posttranslational modifications including phosphorylation, acetylation, and ubiquitination coordinate selective autophagy are likewise open questions.
Gene therapy in humans is still a long term goal in treating neurodegenerative diseases by inducing autophagy (Frake et al., 2015) . There have, nevertheless, been efforts in inducing autophagy by drugs. Rapamycin, a compound approved by the U.S. Food and Drug administration (Vafai and Mootha, 2013) and its analogs have been used previously to reduce Htt levels and attenuated the mutant Htt toxicity in the cell, fly and mouse models of disease (Ravikumar et al., 2004) . The protective effect was attributed to enhanced clearance of the mutant protein via autophagy. A similar strategy was applied to inject rapamycin intraperitoneally to the rats that had received injection of AAV2-E50K-GFP viral vector. The optineurin level, RGC and axonal counts, and apoptosis in AAV2-E50K-GFP-injected rat eyes were averted to closer to normal limits after treatment with rapamycin. It appears that the accumulated mutant optineurin could be cleared, at least partially, by the rescuing strategy involving rapamycin (Ying et al., 2015) . While intriguing, the use of rapamycin is expected to bring unwanted side effects. Imbalance in the autophagic flux is also problematic. Further insights into the roles of optineurin in autophagy and the pathophysiological mechanism of optineurin-related diseases may lead to safer and more efficient therapeutic approaches.
• Optineurin is a gene linked to normal tension glaucoma and amyotrophic lateral sclerosis.
• Autophagy is an intracellular degradation system that delivers cytoplasmic components to the lysosomes for degradation.
• Containing ubiquitin binding and LC3 interacting domains, the optineurin protein is a selective autophagy receptor.
• Optineurin is involved in xenophagy, mitophagy, aggrephagy, and tumor suppression in an ubiquitin-dependent manner. It can also mediate the removal of protein aggregates through an ubiquitin-independent mechanism.
• Optineurin is an autophagy inducer, inducing autophagic process upon overexpression and mutation. The process of ubiquitin-dependent selective autophagy. Ubiquitin coated bacteria, misfolded protein or cellular organelle binds with autophagy receptors such as p62 or optineurin (OPTN) through their ubiquitin binding domain (UBD). The receptors then bind with LC3 and initiate the formation of a double-membrane structure named phagophore. Phagophore closes to form autophagosome and finally, autophagosomes fuse with lysosomes forming autolysosomes where breakdown of the autophagic cargo takes place. Autophagy receptors contain a short LIR sequence responsible for LC3 binding. Recognition of ubiquitinated proteins is mediated by interacting with ubiquitin noncovalently via UBD. Modified from Lippai and Low (2014) with copyright permission. Levels of p62. A. Immunostaining of p62 in RGC-5 cells. RGC-5 cells transfected overnight with pOPTN E50K -EGFP were untreated or treated with 100 nM of bafilomycin A1, 2 μM of rapamycin or both for 24 h. Cells were fixed and immunostained with anti-p62 polyclonal antibody (MBL International) and rhodamine conjugated goat anti rabbit secondary antibody. pOPTN E50K -EGFP transfected cells (green) that displayed green fluorescence foci showed weaker p62 staining (red) than non-transfected non-green cells; indicating an induced autophagy and enhanced autophagic flux by E50K transfection. Autophagy flux inhibitor bafilomycin A1 dramatically elevated p62 staining in both non-transfected and transfected cells. Autophagy inducer rapamycin decreased p62 staining in all cells, while double treatment of bafilomycin A1 and rapamycin reverted the staining to the elevated level. The E50K optineurin foci formation, similar to p62, was also increased by bafilomycin A1 but reduced by rapamycin. Scale bar, 10 μm. B. Western blotting of RGC-5 cells transfected with pEGFP-N1 (control), or pOPTN E50K -EGFP. Cells serum starved (serum free) overnight or cultured in medium containing 2% fetal bovine serum (FBS) were used as autophagy induction positive controls. Membranes were blotted either 
